Background -Liver transplantation (LTx) is the primary and definitive treatment of acute or chronic cases of advanced or end-stage liver disease. Few studies have assessed the actual cost of LTx categorized by hospital unit. Objective -To evaluate the cost of LTx categorized by unit specialty within a referral center in southern Brazil. Methods -We retrospectively reviewed the medical records of 109 patients undergoing LTx between April 2013 and December 2014. Data were collected on demographic characteristics, etiology of liver disease, and severity of liver disease according to the Child-Turcotte-Pugh (CTP) and Model for End-stage Liver Disease (MELD) scores at the time of LTx. The hospital bill was transformed into cost using the full absorption costing method, and the costs were grouped into five categories: Immediate Pretransplant Kit; Specialized Units; Surgical Unit; Intensive Care Unit; and Inpatient Unit. Results -The mean total LTx cost was US$ 17,367. Surgical Unit, Specialized Units, and Intensive Care Unit accounted for 31.9%, 26.4% and 25.3% of the costs, respectively. Multivariate analysis showed that total LTx cost was significantly associated with CTP class C (P=0.001) and occurrence of complications (P=0.002). The following complications contributed to significantly increase the total LTx cost: septic shock (P=0.006), massive blood transfusion (P=0.007), and acute renal failure associated with renal replacement therapy (dialysis) (P=0.005). Conclusion -Our results demonstrated that the total cost of LTx is closely related to liver disease severity scores and the development of complications. HEADINGS -Liver transplantation. Costs and cost analysis. Hospital costs. Medical economics. Delivery of health care.
INTRODUCTION
The rising cost of health care has prompted the need for health professionals to understand and apply economic evaluations. Improving resource allocation decisions while balancing costs against benefits allows more efficient management (1) . Health care costs depend on the use of new technologies, the increase in the life expectancy of the population, the growth in the demand for health services, and the universalization of health care (1) . In the decisionmaking process, cost evaluation is important as health organizations deal with competition, quality customer service, incorporation of state-of-the-art technology, and government funding (1) .
The first economic evaluations of liver transplantation (LTx) were conducted in the early 1990s (2) (3) (4) (5) (6) (7) (8) (9) and consisted of retrospective studies (TABLE 1) . Brown et al. (5) performed the first cost evaluation of combined liver-kidney transplant. The reported high costs (2) (3) (4) (5) (6) (7) (8) (9) were probably due to a comprehensive analysis that included data from pretransplant to 1 year posttransplant.
Later economic evaluations have focused on the relationship between Model for End-stage Liver Disease (MELD) scores -which were included as a criterion for graft allocation, with priority based on the severity of liver disease -and procedure-related costs (10) (11) (12) . However, these studies do not describe the cost of LTx in relation to the hospital units that participate in the process. Therefore, the aim of the present study was to evaluate the cost of LTx categorized by unit specialty within a referral center in southern Brazil.
METHODS
The study was approved by the Research Ethics Committee of the institution (protocol no. 1.070.146). Consent to use retrospective data was obtained from the institution. Adult patients who underwent deceased-donor LTx between April 2013 and December 2014 were eligible for inclusion. Patients undergoing a combined liver-kidney transplant or with incomplete medical records were excluded.
The following variables were analyzed: demographic characteristics, etiology of liver disease, and severity of liver disease according to the Child-Turcotte-Pugh (CTP) score (13) and MELD score (14) at the time of LTx. Data on complications occurred during hospitalization, discharge, death, and retransplantation were also collected.
The sum of all costs generated within a cost center, divided by predetermined services provided by that hospital unit, results in unit costs, which in practice correspond to the costs of daily hospital stay, of using the operating room, of an appointment, and of an examination, among others. The cost of in-hospital procedures, such as transplantation, is related to a series of calculations, which comprise unit costs generated by the cost centers in combination with the intensity of the unit-related costs (16, 17) .
Regarding materials, it is important to highlight that, in a health facility, the materials used often include medication, medicalsurgical materials, medical gases, food, and consumables, among others (16) . In our institution, the weighted moving average is used for inventory valuation, which includes the calculation of the weighted average cost after each new material purchase (15) .
The hospital bill, from the immediate pretransplant period to hospital discharge, was obtained using the hospital management software (Phillips Tasy ® ; Phillips Clinical Informatics, Blumenau, SC, Brazil). The costs were then grouped into five categories: -Immediate Pretransplant Kit: laboratory and imaging tests performed to assess the patient's clinical status or to suspend transplantation. -Specialized Units: routine tests performed during hospitalization for LTx, specific procedures (laboratory tests, blood products, hemodialysis), specialized tests (digestive endoscopy, computed tomography, ultrasonography), physical therapy, immunosuppression, and transplant team fees according to the fee schedule of the Brazilian Unified Health System (SUS). -Surgical Unit, Intensive Care Unit, and Inpatient Unit: all costs resulting from LTx plus personnel costs in that specific unit. All costs were converted to U.S. dollars at an exchange rate of US$1.00 = R$3.38 (as of June 9, 2016), according to the Central Bank of Brazil (18) .
Statistical analysis
Quantitative variables were expressed as means and standard deviations, with the inclusion of median values in cases of skewed distribution. The Mann-Whitney and Kruskal-Wallis tests were used to compare the median values of total transplant cost. Spearman's correlation coefficient was used to assess the relationship between variables. Multivariate linear regression analysis was used to control for confounding factors. Total cost values were log-transformed before analysis. The level of significance was set at 5% (P<0.05), and all analyses were performed using the Statistical Package for the Social Sciences, version 21.0.
RESULTS
Of 122 eligible liver transplant recipients, 109 were included in the analysis while 13 were excluded -9 (69.2%) due to incomplete data and 4 (30.8%) due to combined liver-kidney transplant. Regarding the characteristics of the sample (TABLE 1), mean age was 57.5±9.0 years; most patients were men (62.4%); the most common cause of liver disease was hepatitis C virus (HCV) infection alone (15.6%) or associated with alcohol and/or hepatocellular carcinoma (HCC) (67.0%); 42.0% of patients were categorized as CTP class A; 15 patients (13.8%) died; and 3 patients (2.8%) underwent retransplantation.
The mean length of hospital stay was 25.0±19.0 days, and patients spent a mean of 17.0±13.0 days in the Inpatient Unit (TA-BLE 2). Fifty patients had complications, the most common one being acute renal failure associated with renal replacement therapy (dialysis) ( ARF, acute renal failure. There was no significant association between LTx cost and etiology of liver disease (P=0.24) ( There was no significant cost difference between patients with HCC (US$ 16,542) and without HCC (US$ 18,177) (P=0.48).
Significant cost differences were found between CTP classes (TABLE 5) , as follows: on average, US$ 14,330 for patients with CTP class A, US$ 18,400 for CTP class B, and US$ 22,823 for CTP class C (P=0.002). The following complications contributed to significantly increase the total LTx cost: septic shock (P=0.006); acute coronary syndrome (P=0.019); prolonged hospitalization, renal injury, mechanical ventilation, and tracheostomy (P=0.012); massive blood transfusion (P=0.007); posttransplant laparotomy (P=0.001); and acute renal failure associated with renal replacement therapy (dialysis) (P=0.005) (FIGURE 2).
FIGURE 2. Relationship between complications and liver transplant costs.
ACS: acute coronary syndrome; ARF: acute renal failure. # Prolonged hospitalization, tracheostomy, non-dialysis renal injury, and prolonged mechanical ventilation. * Significantly higher costs than other complications as a whole at the 5% significance level determined by the Mann-Whitney test.
In the multivariate analysis, CTP and complications remained associated with total LTx cost. According to the standardized regression coefficient (β), the factor that most contributed to the increase in total LTx cost was CTP class C (TABLE 6) . 
DISCUSSION
This is the first study in Latin America to comprehensively evaluate the cost of LTx categorized by hospital unit and its correlation with clinical variables in a referral center in southern Brazil. The cost generated in the different stages of LTx reflects the true value that is invested by the center in the process regardless of the source of payment. Our findings are consistent with those of Portela et al. (19) e Boerr et al. (20) in terms of mean patient age at the time of transplantation, sex, and etiology of liver disease. In our sample, the most common etiology was HCV infection associated with HCC (34.9%), similar to Ferraz et al. (21) and Boerr et al. (20) , while Akarsu et al. (22) reported HBV infection.
In the present study, most patients were CTP class A, while Akarsu et al. (22) found that CTP class B was the most prevalent. Most patients had a MELD score of 20-25 (62%), consistent with the findings of Boerr et al. (20) (25±5; P=0.01) . The mean operative time was 6.0±1 hours, shorter than that observed by Portela et al. (19) . The length of hospital stay (25.0±19.0 days) was also shorter than that reported by Portela et al. (19) and Ferraz et al. (21) , but longer than that observed by Boerr et al. (20) . Our patients received a mean of 85.6 physical therapy sessions, but no previous study has evaluated this variable. The most common complication was acute renal failure associated with renal replacement therapy (dialysis), which is consistent with the findings of Portela et al. (21) . The mean cost of LTx was US$ 17,367, which is lower than that reported in Argentina (US$ 33,461) (20) and in Turkey (US$ 27,582) (22) . The difference is probably due to Brazilian Real devaluation against U.S. Dollar and to procedure-related costs (20) (21) (22) .
Government and hospital economic policies, available technologies, donor availability, and severity of liver disease may affect the cost of LTx categorized by hospital unit (20) (21) (22) (23) . In our study, the most costly units were the Surgical Unit, Specialized Units, and Intensive Care Unit. Comparison of our findings with those reported in the literature, however, is a difficult task because of the use of different methods. Akarsu et al. (22) concluded that medication, surgical unit, and laboratory tests were the most expensive items of LTx. For Boerr et al. (20) , physician fees and therapeutic interventions were the most expensive items of LTx. However, those studies did not provide detailed information for each unit involved in the LTx process. Portela et al. (19) performed the analysis only at the hospital level.
LTx in patients with severe liver disease, according to the CTP classification, has a higher cost, but when the MELD score is considered, the results are conflicting (20) (21) (22) . Akarsu et al. (22) found no association between LTx cost and MELD score, while Boerr et al. (20) and Buchanan et al. (23) showed a direct association between them.
The etiology of liver disease has been associated with LTx cost in the literature. Higher LTx cost was associated with chronic HCV infection according to Axelrod et al. (24) and with chronic HBV infection complicated by HCC according to Akarsu et al. (22) . The present results, nonetheless, suggest that the etiology of liver disease is not significantly associated with LTx cost, but cases of HCV infection and CTP class C have higher costs. This non-causal association is interesting because most cases of CTP class C were patients with HCV infection and without HCC, thus with higher MELD score and more complications. However, LTx for acute diseases had a high cost probably due to the clinical course, severity, and complications of the disease.
In the United States, health insurance companies are responsible for paying for the procedure. In 2012, the U.S. Supreme Court passed a law that allows people without health insurance to benefit from LTx with costs covered by the State according to Medicare coverage (25) . In Spain, transplants are covered by the National Transplant Organization (ONT) linked to the Ministry of Health (26) .
In Brazil, the LTx procedure is 100% funded by the SUS with financial incentives for institutions to promote organ donation and transplantation. In addition to paying for all procedure-related expenses, the SUS also provides medication (27) . Approximately 95% of transplant procedures are performed through the SUS, qualifying it as the largest public transplantation program in the world. The Institute for Applied Economic Research (28) and, later, the Federal Court of Accounts (29) have shown that public investment in transplantation, including procedures and associated pharmacotherapy, increased from R$ 404.4 million in 2004 to R$ 521.8 million in 2005 (29) . To increase the number of transplants and reduce the number of patients on the waiting list, the Brazilian Ministry of Health issued Ordinance No. 845, dated of May 2, 2012 (30) , which defines new rules for providing financial incentives for institutions that perform these procedures (30) . As a result, in 2013, SUS invested R$ 1.4 billion in surgeries, organ donation, and organ procurement (30) . Currently, the SUS transfers R$ 68,839 to the transplantation institutions for LTx. The amount of R$ 61,656 is intended to cover hospital services and R$ 7,182 to cover physician professional fees, according to existing SUS fee schedules (31) .
Portela et al. (19) conducted a study in the state of Ceará, northeastern Brazil, involving 62 patients and reported a mean cost of US$ 20,605 for LTx. They used a method similar to the one described in the present study, but the sample size and the non-inclusion of complications and professional fees of physical therapists in the total cost may have not reflected the true value. In our study, physical therapy fees accounted for 1.9% of the total cost.
Coelho et al. (32) conducted a study in the state of Paraná, southern Brazil, involving 24 patients undergoing 25 LTx procedures and found an average cost for LTx of US$ 21,505, including organ procurement expenses, but excluding professional fees of the multidisciplinary team participating in the procedure. Ferraz et al. (21) estimated the cost of LTx in four patients in the state of Pernambuco, northeastern Brazil, and found a total cost of US$ 8,874, excluding professional team fees and the impact of complications.
The major limitations of this study are its retrospective nature and the fact that it was conducted in a single transplant center.
CONCLUSION
Our results demonstrated that the total cost of LTx is closely related to liver disease severity scores and the development of complications. The lack of a standard method for and items to be evaluated and included in total cost estimation is a determining factor in the final value. The different hospital purchasing policies may influence the final value, but they may also provide a basis for establishing public policies or implementing programs involving economic evaluations and cost-benefit, cost-effectiveness, and cost-utility analyses of high-cost procedures performed in public institutions, which unfortunately often work on a limited budget.
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